Background: There are many studies with different results that examine the association between Catechol-O-MethylTransferase (COMT) gene single-nucleotide polymorphisms (SNPs) and schizophrenia. In this study, the aim was to conduct a meta-analysis to achieve a pooled effect size of the association between COMT gene rs165599 SNP and schizophrenia. Methods: Odds ratio (OR) was used as an effect size to determine the association between schizophrenia and the SNP. The pooled ORs were achieved under four different genetic models. When the heterogeneity among studies was high the DerSimonian-Laird random-effects model, otherwise the Mantel-Haenszel fixedeffects model was used. Publication bias was evaluated by Egger's test. Results: Under different genetic models no statistically significant association was found between rs165599 SNP and schizophrenia by meta-analyses consist of 20 independent studies. There was high heterogeneity among studies, for the possible reason the population differences, although the subgroup analyzes reduced the heterogeneity, no association was obtained. However, the sex-specific estimation of the females showed that to be a G allele carrier is a risk factor for schizophrenia (OR = 1.366 [95% confidence interval = 1.094-1.706]) compared to AA homozygous.
patients is reported to be around 24%, whereas the incidence of schizophrenia in the general population is only 1% (Murphy, Jones, & Owen, 1999) . Due to its genomic location and its function in the catabolism of dopamine COMT is considered as a strong candidate gene for schizophrenia (Acar, Sözen, Gözükara, Orman, & Kartalci, 2015) .
Therefore, studies investigating the association between schizophrenia and COMT gene are increasing day by day. However, some of these independent studies cause confusion due to their different results. Also, the studies with small sample sizes which obtain negative results may lack the necessary power to detect small effects and also population admixtures could obscure the results (Chen, Wang, O'Neill, Walsh, & Kendler, 2004) .
Meta-analysis is a method of statistically combining the results of multiple independent studies conducted on the same subject. Many meta-analyses have been performed and updated for the most widely studied rs4680 single-nucleotide polymorphism (SNP) (Barnett, Jones, Robbins, & Müller, 2007; Costas et al., 2011; Fan et al., 2005; Glatt, Faraone, & Tsuang, 2003; Okochi et al., 2009; Taylor, 2018) . Also, another common studied SNP is rs165599 (HGVS Name: c.*522G>A). Only one meta-analysis was performed for rs165599 SNP included both family-based and case-control studies (Okochi et al., 2009) . In this study, we aimed to update the pooled effect size estimation by combining the results of studies with appropriate meta-analytical methods that examine the association between COMT gene rs165599 single-nucleotide polymorphism and schizophrenia just for case-control studies.
| MATERIAL AND METHODS

| Literature search
By using the search words "schizophrenia," "COMT," or "catechol-O-methyltransferase," articles were searched on databases (PubMed, Web of Science, Google Scholar) date up to 2017 January. To find other appropriate studies, we also examined the references of the key studies. When there is no detailed information for calculation of the effect size, we tried to contact the authors directly. The selection process of the studies included in the meta-analysis is given detailed by the flow diagram in Figure 1. 
| Inclusion and exclusion criteria
The studies which: (a) concern the association between COMT SNPs and schizophrenia; (b) use healthy individuals as controls in case-control studies; (c) has a genotype distribution of control population in Hardy-Weinberg Equilibrium (HWE) were included in meta-analysis. The studies; on families (family-based, trio, siblings, twins), in which patients with different psychiatric diagnosis mixed with schizophrenia, involving only patients with violent tendencies and those involving only patients with alcohol and/or substance abuse were excluded. In all studies, the diagnostic criteria were DSM-IV (Diagnostic and Statistical Manual of Mental Disorders-4th edition). The publications not in English could not be considered. The characteristics of the 20 studies included in meta-analysis resulted from the selection process are given in Table 1 .
| Meta-analysis
Odds ratio (OR) is a risk measure commonly used for retrospective case-control studies. It is investigated retrospectively to determine how much of the case and control groups are exposed to the risk factor that thought to be (Alpar, 2011) . OR can be any non-negative value. Interpretation of the OR; if OR = 1 exposure to the factor is not a risk, if OR > 1 the factor increases the risk, if OR < 1 the factor decreases the risk on interested outcome (Agresti, 2002) .
The odds ratio was used as the effect size to evaluate the association between schizophrenia and allele or genotype distribution. I 2 and Cochran's Q test statistics were used for evaluation of heterogeneity among studies. If the heterogeneity was high (I 2 > 50% or p < 0.05) the DerSimonian-Laird (DSL) random effects model; otherwise, the Mantel-Haenszel (MH) fixed effects model was used to achieve the pooled effect size. Meta-analyses were conducted under four different genetic models: A versus G, AA versus GG, AA versus G-allele carriers (AG + GG), and A-allele carriers (AA + AG) versus GG. The significance of the pooled ORs was determined by a z test and publication bias was assessed by Egger's test. In addition, for the studies providing data by sex, pooled estimations are obtained with six studies and four studies, respectively, for allelic and genotypic distributions under these models. Because of the high heterogeneity among all studies included in the meta-analyses, population subgroup analyzes were performed by eight studies of Asian origin and five studies of Caucasian origin. In all analyses, the significance level was considered to be 0.05 and all analysis performed by STATA 14.0 software (Stata Corporation, College Station, Texas, USA).
| RESULTS
Literature search resulted in 20 studies that met the inclusion criteria and pooled OR estimates for these studies were performed by appropriate meta-analytical methods. Between-study heterogeneity was observed to be high. Population differences involving ethnicity is thought to be a heterogeneity source. Therefore, eight studies of Asian origin and five studies of Caucasian origin were evaluated separately by meta-analyses. In the subgroup analyzes, the heterogeneity within populations was remarkably reduced, but no association was found between the disease and the SNP. In addition, in separate analyzes performed with the studies that provided sex-based data, it was determined that there is no association between schizophrenia and SNP for males, but it is a risk factor to be a G allele carrier for females ( Figure 6 ). The risk of schizophrenia in females with G allele carriers (AG + GG) is found to be 1.366 (95% CI = 1.094-1.706) times higher compared to AA homozygotes. In other words, being an AA homozygous has a protective effect on schizophrenia in females. The results of the meta-analyses for subgroups are given in Table 3 .
| DISCUSSION
Many studies have examined the association between polymorphisms in COMT gene and schizophrenia. However, there was not a complete consistency in the results of these studies. The aim of this study was to conduct a meta-analysis for rs165599, one of the suspicious SNPs for schizophrenia. Okochi et al. (2009) conducted a meta-analysis that considered the case-control and family studies together. According to their results on 11 studies, there was no association between disease and SNP. In this study, 20 case-control studies with patients only if diagnosed with schizophrenia were included in the meta-analysis.
A remarkable study in the literature that examined the association between schizophrenia and COMT SNPs was performed by Shifman et al. (2002) with Ashkenazi Jews. According to their findings, rs165599 SNP showed the greatest association with schizophrenia and the G allele is a risk factor. Also, an association with schizophrenia was detected in haplotype analysis of 2 and 3 SNPs for rs737865-rs4680-rs165599 SNPs (Shifman et al., 2002) . Chien, Liu, Fann, Liu, and Hwu (2009) were found no difference between patients and controls for rs165599 SNP and for the haplotype block in the study of Shifman et al. for Taiwanese. In the study of Altinyazar, Gunderici, Tinaz, and Kirci (2015) , haplotypes with 2 and 3 SNPs were studied for rs2075507-rs4680-rs165599 SNPs and no association with disease was detected. Another study, that found an association between schizophrenia and rs165599 SNP, was conducted on the Iranians by Behbahani, Kazemi-Nezhad, Foroughmand, and Ahmadi (2015). However, as an opposite result to Shifman et al.'s, it was reported that AA and AG increased the risk of schizophrenia when GG genotype was taken as a reference. Funke et al. (2005) , found an association between rs165599 SNP and psychiatric disorders including schizophrenia, schizoaffective disorder, bipolar disorder and major depressive disorder. According to their study having a G allele was reported to increase the risk of psychiatric disorders, while no association between rs165599 SNP and only schizophrenia was determined. In addition, in the haplotype analyzes with four SNPs by adding 278A/G SNP to the haplotype block of Shifman et al.'s, F I G U R E 5 Forest graph for the association between rs165599 SNP and schizophrenia under (AA + AG vs. GG) genetic model for all studies polymorphisms they studied. In the study of Wright et al. (2012) , 14 SNPs were studied in the COMT gene, and the association between disease and rs737865 and rs2020917 polymorphisms was found to be significant. Zhang et al. (2012) found no association between schizophrenia and 9 SNPs studied in the COMT gene.
When the polymorphism considered in this study was examined according to sex, Yu, Zhang, Huang, Ding, and Li (2007) , Martorell et al. (2008) , Cordeiro, Silva, and Vallada (2012) and Acar et al. (2015) reported no difference between patients and controls. Chen et al. (2011) and males separately (data not shown). In Ashkenazi Jews, it is reported that there is no association between disease and SNP in males, whereas in females in terms of allele, having G allele and in terms of genotype, being GG are associated with schizophrenia (Shifman et al., 2002) . They also reported that the difference between allele and genotype distributions of males and females in the control group was statistically significant. In our study, when the data of the other studies were analyzed, there was no statistically significant difference between the males and females in the control groups due to these distributions. However, in the study of Park et al. (2009) , in which the allele distribution by sex is given, whereas no difference was found for males, it has been identified as a risk factor of having A allele for females. The reason for the different identified risky allele in these two studies might be the difference of the ethnic origins of the study groups. In our study, as a result of the meta-analyses conducted separately by sex, it was concluded that while there is no association for males, having a G allele is a risk factor for females according to pooled estimation. In fact, this result is obtained by the influence of the Shifman et al.'s study because of its high study weight compared to other studies ( Figure 6 ). So, it may be just specific to Ashkenazi Jews. In order to make a more accurate interpretation, more sex-based investigations need to be done. In the meta-analyses including all studies, a high heterogeneity was observed between the ORs of the studies. Therefore, subgroup analyzes were conducted to take the population differences involving ethnicity into account, which is considered to be a possible source of heterogeneity. Populations according to the ethnicity indicated in the studies are pooled as Asians and Caucasians. Heterogeneity among the studies of Asians is considerably reduced and the studies of Caucasians have provided homogeneity. According to within-population assessments, no association between schizophrenia and SNP was detected under four genetic models (Table 3) .
Another source of heterogeneity among studies is thought to be the differences in the selection of control groups (Chen et al., 2011) . In some studies, individuals in the control group are assessed and selected by psychiatrists, whereas in some, the family history, current, and past psychiatric conditions of the individuals are questioned with unstructured forms. The control group of some studies consist of hospital staff or blood bank volunteers. In order to achieve correct results in comparison with the patient group, the control group should be exactly separated in terms of the disease.
| CONCLUSION
In our published previous study, it was stated that there was no association between rs165599 SNP and schizophrenia (Acar et al., 2015) . Nevertheless, to make clear the heterogeneous findings of the studies by the pooled estimations via meta-analyses, we concluded that the rs165599 single-nucleotide polymorphism does not appear to be a single-risk factor for schizophrenia. It is stated that different haplotypes may be associated with schizophrenia in different populations instead of single-nucleotide polymorphism due to differences in linkage disequilibrium (LD) among populations (Mukherjee et al., 2010) . We thought haplotype analyzes instead of single-nucleotide polymorphisms will be more informative for future studies.
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